Ionization chamber measurements of bulk ionized air conductivity are complicated by the formation of a diode-like electron depletion layer at the interface of the negatively charged cathode and the ionized gas. Conduction across the electron depletion layer is dominated by ionic conductivity.
INTRODUCTION
It would be very satisfying if a consistent set of microscopic ionized air chemistry parameters such as electron-molecule collision frequencies, electron attachment rates, and ionic recombination rates were available from which the macroscopic constitutive parameters of ionized air, such as air conductivity, could be derived. It would be even more satisfying if the microscopic parameters derived from the macroscopic measurements were consistent with microscopic experimental measurements such as electron scattering cross section measurements, etc. Typically, however, this is not the case, and it is, therefore, not surprising that the air chemistry packages used by workers in the EMP community, which to a large extent are based on microscopic parameters, do not always yield the same values of air conductivity. The work presented here is part of an ongoing program at HDL to develop the analytical and experimental tools necessary to correct some of the deficiencies in our knowledge of these basic air chemistry parameters.
The experiments reported here not only provide information about reaction rates, but also lead to information about boundary layers and conduction across these boundary layers.
An understanding of boundary layers is necessary if bulk measurements are to be related to microscopie parameters.
Macroscopic ionized air conductivity measurements have in the past been made using a "pie-pan" ionization chamber. 1'4 Figure 1 shows a schematic diagram of a 'pie-pan" ionization chamber.
Electrons are easily absorbed by a metallic conductor but, due to the metallic work function, it is difficult for an electron to pass from a negatively charged metallic plate to an ionized gas at ordinary temperatures. The field emission of electrons from a metallic electrode at room temperature requires a very large electric field5 and the theoretical interpretation of field emission data if complicated by the formation of local "hot spots". 6 The electrons in the ionized gas migrate away from the negatively charged metallic electrode resulting in an electron depletion layer at the interface of the negatively charged metallic electrode and the ionized gas. The electric field in this region increases significantly, decreasing with distance from the negatively charged metal surface. Figure 2 is a schematic diagram of the electron depletion layer at the interface of a negatively charged metallic conductor and an ionized gas.
We examined the diode-like behavior of an interface between an ionized gas and a metallic conductor at very high electric fields.
Our experimental results cannot be accounted for by simple field emission.
Because of the complexity of depletion layer effects, we developed biased waveguide techniques to obtain more insight into the macroscopic behavior of ionized gases, such as ionized air.
THEORETICAL DISCUSSION OF PIE-PAN IONIZATION CHAMBERS
The variation of ion and electron density in the electron-depletion region at the interface of a negatively charged metal and a collision-dominated ionized gas is described by equations 1 to 3 However, the experimental data shown in figure 4 suggest that electrons are actually leaving the metal surface. If this were not the case, then the late time current would decrease much faster as indicated by the dotted line.
A possible explanation for the deviation between prediction and measurement in the case of the N2 measurements is the production of secondary electrons resulting from ionic impact at the interface between the depletion la er and the negatively charged metallic cathode.11l
According to equations 1-3, the electric field intensity at the interface between the cathode and the ionized gas when the pie-pan is biased to 1000 volts is 3.2 x 106 volts per meter. If the mean free path of an ion between collisions at atmospheric pressure is assumed to be about 10 5 cm, a positive ion impinging on the cathode can have an energy up to 32 electron volts. The authors know of no data for secondary electron emission for N2+ ions incident on aluminum; however, data for Ta and Pt surfaces does exist.12,13 These data are not inconsistent with an 0.5 percent probability for electron secondary emission due to ionic impact.
The pie-pan ionization chamber employed in this work had a circular area of 5 cm2 and a spacing between electrodes of 0.159 cm. The depletion layer predicted by equations 1 to 3 extends 0.06 cm away from the cathode. If the distance between the pie-pan plates were decreased by a factor of 3, the ionization chamber would be nothing but depletion layer at late time. We are presently attempting to construct such a chamber. 
GENERAL DISCUSSION OF CONDUCTIVITY MEASUREMENTS
where and e = the electron charge, N = the electron number density, e (E) = the electron mobility at field strength E.
If the ac probe frequency w is much smaller than the momentum transfer collision frequency, V , the simple Lorentzian expression for the electron mobility Pe (E) can be expressed as Surface phenomena such as the ejection of secondary electrons due to the impact of ions on metallic surfaces are complicated and are greatly influenced by surface contamination.1l It is difficult to interpret the behavior of a "pie-pan" ionization chamber in order to obtain information about one of the macroscopic parameters, such as electron conductivity, without knowing something about all of the other parameters that go into electron depletion layer formation.
In a sense, when one interprets a "piepan" ionization measurement, one must not only rely on the validity of an air chemistry package involving many parameters, but also the accuracy of the model of the electron depletion layer. 
BIASED L-BAND WAVEGUIDE MEASUREMENTS
A first-generation biased L-band waveguide was designed to enhance the scientific utility of rf probes over a wide range of electric field strengths. Another consideration is that the information obtained in a combined ionization-rf measurement would provide insight into the behavior of an ionzied conducting gas near a negatively biased metallic conductor.
As already indicated, the L-band data to be presented in this work correspond to a situation in which the low power (small EO) rf probe frequency is greater than the energy exchange frecquency; hence, the anisotropy effects derived by Baum 1 are not pertinent to these measurements. Also, the electron temperature is not significantly changed during an rf period (equation 9) .
A biased L-band waveguide device is shown in f igure 7. The purpose of the experimental arrangement is to obtain information about the conductivity of ionized air with an rf probe in addition to the information obtained by analyzing dc pie-pan-like currents. The perturbation of the wave guide was minimized in order that the reflection due to the bias plate could be ignored.
Neglecting depletion layer effects, the dc field in the biased waveguide is as shown in figure 8 . If an appreciable field perturbation due to electron depletion layer formation is present, the analysis of our data becomes a relatively complicated, but soluble problem. A number of typical absorption measurements obtained with the biased waveguide with different plate bias voltages are shown in figure 9 . The measured ratios of electron mobility to the electronoxygen attachment rate derived from absorption measurements (such as shown in figure 9) ( TIME (ns) TIME (NS) Figure 5 .
Comparison of experimental pie-pan ionization chamber measurement (200 volts) with calculations corresponding to 4 different probabilities for secondary electron emission due to ion impact.
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Comparison of experimental pie-pan ionization chamber measurement (1,000 volts) with calculations corresponding to 3 different probabilities for secondary electron emission due to ion impact. 
